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1. Title of the Invention 

Method of Aequorin Luminescence Sensitization by Surfactants 

2 . Claims 

(1) A method of luminescence sensitization which is 
characterized by the coexistence of surfactants in luminescent 
methods that use aequoxin and its derivatives. 

(2) A method of luminescence sensitization of description in 
the Claim 1 which uses anionic surfactants, cationic surfactants, 
amphoteric surfactants, non-ionic surfactants, natural surfactants, 
polymer surfactants or specific surfactants as the surfactants. 

(13) A method of luminescence sensitization of description in 
Claim 1 with variant aequorin, semi-synthetic aequorin or semi- 
synthetic variant aequorin as the aequorin derivatives. 

(4) Stable preservation methods of regenerated aequorin which 
are characterized by the coexistence of surfactants with aequorin. 

3. Detailed Explanation of the invention 
[Industrial Field of Utilization] 

This invention pertains to a method of aequorin luminescence 
sensitization which is characterized by the coexistence of 
surfactants in bioluminescence reaction series made from aequorin 
or its derivatives. 

[Prior Art and Its Problems] 

Luminescent protein aequorin is a calcium fused protein that 
is isolated by [untranslatable: owankurage] and, as apoaequorin of 
the protein cong>onent in the natural world, forms complexes by 
means of molecular oxygen with celenterazines of substrate 



components. Luminescence is due t".o the calcium bonding in this 
complex. The calcium concentration can be determined using this 
luminescence . 

These others used recombinant DNA methods and cloned cDNA of 
apoaequorin by luminescent [untranslatable: owankurage] and then 
clarified it3 manufacture (Japanese Published Patent Mo. S61- 
135,586) . 

Then, using this cDNA, Escherichia coli are hosted are 
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the production of apoaequorin was realized inside and outside the 
bacteria (Japanese Published Patent No. 562-171,695, Japanese 
Published Patent No. S63-102,695 and its refining process was also 
realized (Japanese Published Patent No. Hl-132,397). 

Further, aequorin genes, which were bonded with functional 
genes, were manufactured and realized for its fused protein 
manufactuxe (Japanese Published Patent No. S64 -39,990 and Japanese 
Patent Application No. S63-308,424) and its refining process was 
also realized (Japanese Patent Application No. Hl-69,862). 

Thus, metal detection methods and immunoassay methods were 
developed which used the aequorin and its fused proteins (Japanese 
Published Patent No. S62-261,942 and Japanese Patent Application 
No. Hl-74,742) . 

This invention is a is a report pertaining to luminescence 
sensitization methods by surfactants. 

Thus, the usefulness of aequorin is known to those skilled in 
the art; the luminescence of aequorin is utilized and various 
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substances can be detected. Further, there is the possibility ot 
the determination and detection in ones like immunoassays and DNA 
probes and bioassays and the usefulness as a verification agent as 
those like diagnostic agents is determined from the above-mentioned 
functions . 

These inventors, in view of the above-mentioned technological 
items, could develop luminescence sensitization by surfactants. As 
seen in the following explanation, the objective of this invention 
is the offering of luminescence sensitization technology for 
application to ultra-high sensitivity determination methods by 
aequorin. 

[Means for Solving the Problems] 

This invention is constituted by the following (1)~(4). 

(1) Methods of luminescence sensitization which are 
characterized by the coexistence of surfactants in luminescence 
methods using aequorin and its derivatives. 

(2) Methods of luminescence sensitization of description in 
the aforementioned Item No.l which use anionic surfactants, 
cationic surfactants, amphoteric surfactants, non-ionic 
surfactants, natural surfactants, polymer surfactants or specific 
surfactants as the surfactants. 

(3) Methods of luminescence sensitization of description in 
the aforementioned Item No. 1 wherein the aequorin derivatives are 
variant aequorin, semi-synthetic aequorin or semi -synthetic variant 
aequorin. 

(4) Stable preservation methods of regenerated aequorin which 
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are characterised by the coexistence of surfactants in etequa*rin. 

The embodiments and results of this invention are discussed in 
the following. This invention has methods of aequorin luminescence 
sensitization by surfactant catalytic effects which can be 
performed, for example, as in the methods shown by the following 
Actual Examples. 

In the methods of this invention, there are the following with 
compounds having four menaber ring peroxide structures as shown in 
Figure No. 1 being dioxatanes; as celenterazines , there are 
compounds having structures such as shown in Figure No, 2; as 
aequorins, there are coirplexes having structures such as shuw in 
Figure No. 3; as aequorin derivatives, there are the vauriant 
aequorins with apoaequorin components substituted for variant 
apoaequorins, synthetic aequorins with celenterazine components 
substituted for celenterazine derivatives and semi-syntEietic 
variant aequorins with both of these substitutions. 

Further, ones like the compounds shown in the following Table 
No. 1 are given as surfactants. Substances shown in the following 
Table No. 2 are considered as fluorescent substances such as 
extending the time as increase granting agents . 
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Table No. 1 
Various Surfactants 



1. Anionic Surfactants 

1.1. soap — > soap, metallic soap 

1.2. Turkey red oil— K untranslatable : monopooru] oil 

1.3. higher alcohol sulfates 

1.4. alkylbenzene sulf onate-ABS, LAS 

1.5. a-olefin sulfonate 

1.6. phosphate type anionic surfactants 

2. Cationic Surfactants 

2.1. amine salt type surfactants 

alkyl amine salt type, amino alcohol resin acid 
derivative type, polyamine resin acid derivative 
type, imidazoline type 

2.2. tertiary ammonium salt type cationic surfactants 
alkytrimethyl ammonium salt type, dialkyldimethyl 

ammonium salt type, alkyldimethyl benzyl ammonium salt 
type, pyridinium salt type, alkylisoquinolinium salt 
type, benzetonium chloride type 
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Continuation of Table No. 1 



3. Amphoteric Surfactants 

3-1. amino acid type amphoteric surfactants 

alanine type, glycine type 
3.2. betaine type amphoteric surfactants 

4. Non-ionic Surfactants 

4.1. amido resinate type ionic surfactants 

4.2. polyhydric alcohol type non-ionic surfactants 

4.3. polyethylene glycol type non-ionic surfactants 

5. Natural Surfactants 

5.1. phospholipid surfactants 

5.2. amino acid type surfactants 

6. Polymer Surfactants 

6.1. natural polymer surfactants 

6.2. synthetic polymer surfactants 

7. Specific Surfactants 

7.1. silicone type surfactants 

7.2. fluoride surfactants 



Table No. 2 
(Various Fluorescent Substances) 



Fluorescent Substances 


Fluorescent Substances 


per ilene 


9 , 10-dibromoanthracene 


luparen 


riboflavin 


rodamine B 


f luorocene 


DNS-alanine 


SBD-mercapto ethanol 


3 -methyl cholanthrene 


unberyferon[?] 


rosebengal 


a- Locapherol 


benzo- (a) -pyrene 


NADH 


NBD-proline 


pyridoxine . hydrochloride 



Note. NBD: 7-nitrobenzof urazan derivatives 

sbd: 7-sulfonylbenzof urazan derivatives 

The methods of this invention are performed as by the 
following examples. 

The respective requisite amounts of Tris HCl EDTA buffer and 
celenterazine methanol solution are mixed for set amounts of 
aqueous solution of aequorin or aequorin derivatives, then diluted 
with the requisite amount of water and solution for incubation is 
produced. 

In the following adjustment, for example, 20-100 \il of 200 mM 
Tris HCl 100 mM EDTA buffer and 2-20 \il of methanol solution of 
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cclcntcrazincc (200 mg/ml) and 2-20 \xl of 2-mercapto cthanol ac the 
reducing agent are mixed when using 50 \il of apoaequorin (10 ng/jxl) 
aqueous solution, and diluted with water to 200-2,000 jxl (dilute 
solution) . The above-mentioned mixture dilution process is 
performed for 5 minutes-l hour in the open air at 0°Oroom 
tempera Lure . 

Then, the incubation of the dilute solution is performed for 
5-100 hours, desirably 10-40 hours, at a set temperature which is 
desirably between 0°C~15°. After the said incubation, the dilute 
solution is taken by tubes in fixed amounts (for example, 50 jil) 
each; the set surfactants which are diluted to set concentrations 
are added and mixed and sampling (for example, 10 |xl) is done at 
set periods at a set temperature (for example, 4°) of 0°C~room 
temperature; for the said sampling, an adequate amount of Ca 2 * (for 
example, 100 |xl of 30 mM CaCl 2 30 mM Tris HC1 (pH7.5) aqueous 
solution) is added and luminescent intensity (for example, aequorin 
activity) was determined using luminescence intensity determination 
equipment ( lumi photometer ) . 

Further, the type of the said surfactants of the above- 
mentioned surfactants which are utilized for addition are not 
limited; all of the above recorded (1) anionic surfactants, (2) 
cationic surfactants, (3) amphoteric surfactants, (4) non-ionic 
surfactants, (5) natural surfactant and (6) polymer surfactants and 
specific surfactants can be used. 

Also, the selection of surfactants should be selected upon the 
preparation experiments such as conforming to the conditions of 
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incubation for the type of utilized aequorin or aequorin 
derivative, type and utilized amount of complementary solution, 
type and utilized amount of reducing agent. 

Also, the relative activity for the above-mentioned 
luminescence intensity is shown with the % as 100 for the aequorin 
activity uZ Lime 0 (note, time lapse zero) of the samples which is 
determined by being realized in the same manner as in the 
manufacture of the above-mentioned luminescence intensity sample 
although without the addition of surfactants (note, refer to the 
following Table No. 3). 

/4 

The methods of this invention (invention of the aforementioned (4)) 
also have stable preservation methods for regenerated aequorin by 
the addition of surfactant to the regenerated aequorin. 

The regenerated aequorin is aequorin that is obtained by 
reactions in complementary solution with apoaequorin and 
celenterazine as in the above-mentioned, for example. The methods 
which combine surfactant to the said additives and methods which 
combine surfactants to regenerated aequorin (solution) are the same 
as the above-mentioned. As clarified from the following Table No. 
4, a relatively long time (note, 10-20 hours or more) is required 
to attain the highest capability of aequorin activity (note, 
luminescence capacity) even as maintained at a suitable temperature 
for its given state (note, solution state which is regenerated in 
reactions) . For this, when done by the methods of this invention, 
the aequorin activity can be remarkably improved by the addition of 
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the usual surfactants (0.01-10 mg/1, desirably 0.1-1 mg/1) coming 
to the state of a relative activity of 100% at between 2-4 hours 
when done in the desired addition conditions; 300-700% was attained 
under the desired addition conditions which improve the relative 
activity even more. 

[Results of the Inventions] 

The usefulness of methods related to aequorin luminescence 
sensitization of this invention are self-evident to ones skilled in 
the art. Further, aequorin luminescence sensitization becomes 
possible by the coexistence of suitable fluorescent substances. 
These type of substances are commonly known to one skilled in the 
art . 

Ones skilled in the art can realize this patented recorded 
invention from the aforementioned indications. However, the device 
used for the important aequorin luminescence sensitization in this 
invention is clarified by the actual examples for the increase of 
understanding of this technology. 

[Actual Examples] 

Actual Example 1 [Aequorin Luminescence Sensitization 

Time Lapse Under the Coexistence of 
Surfactants] 

50 ill of apoaequorin (10 ng/|il) aqueous solution, 50 \il of 200 
mM Tris HCl (pH7.6) 100 mM EDTA buffer, 5 jil of celenterazine (200 
mg/ml) methanol solution, and 5 ill of 2-mercapto ethanol were mixed 
and finally brought to 500 \il with water. 

After mixing, [this J was incubated for 26 hours at 4°C. 50 \il 
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each was allocated to individual tubes, and SO jxl of the respective 
concentrations of the surfactant (trade name) Tween (20, 40, 60, 
80, 85) were added to the respective tubes; after mixing, this was 
incubated in ice water. 10 |il sampling was done at set periods and 
luminescence intensity (aequorin activity) of these samples was 
determined by lumiphotometer (TD4000) after 100 \xl additions of 30 
mM CaCl 2 , 30 mM Tris HC1 (pH7.6) aqueous solution. The results are 
shown in Table No. 3. 

Table No. 3 



[Key to Table No. 3] 

1 Surfactant 

2 (relative activity, %) 

3 type 

4 concentration (mg/ml) 

5 none 
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Actual Example 2 [Aequorin Regeneration Time Lapse Under the 
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Coexistence of Surfactants] 

The respective concentrations of surfactants {Tween 20, 40, 
60, 80, 85) coexisted with the Actual Example 1 aequorin 
regeneration series and were regenerated in ice water. 

Sampling was after a set time and luminescence intensity 
(aequorin activity) was determined by lumiphotometer (TD4000) 
after the addition of 100 |il of 30 mM CaCl 2 , 30 mM Tris HC1 (pH7.6) 
aqueous solution. 

The results are shown in the following Table No. 4. Aequorin 
luminescence sensitization was seen for all of the Tween [ones] at 
the concentrations of 0.1 mg/ml, but the regeneration rate was not 
increased. 

Table No. 4 (Aequorin Regeneration Time Lapse) 
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[Key to Table No. 4] 

1 Surfactant 

2 (Relative Activity, %) 

3 Type 

4 Concentration (mg/ml 

5 none 

/6 

Surfactants from the ones above have enhanced aequorin 
luminescence even before and after aequorin regeneration and the 
preservation of a stable structure of aequorin is understood. 

Further, the sensitization of the aequorin luminescence can be 
maintained by the coexistence of fluorescent substances such as 
shown in Table No. 2. Also, Lhe aequorin luminescence such as 
shown in Table No. 4 is produced via [untranslatable: diokusetan; 
see revision :dioxatane] intermediates; thus, sensitization of the 
same manner as surfactants also in the chemi luminescent reactions 
of ones like the dioxatane class and celenterazine are expected to 
be produced. 

5. Simple Explanation of the Figures 

Figures No. 1-4 are explanatory diagrams of this invention. 

Figure No. 1 shows the chemical structure of dioxatane. 
Figure No. 2 shows the chemical structure of celenterazine. Figure 
No. 3 shows an abbreviated diagram of the structure of aequorin. 
Figure 4 shows the mechanism of aequorin luminescence and 
regeneration. 
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The End 

Patent Applicant Chisso, K.K. 
Agent Attorney SASA'I Yataro 

Same as Above NONAKA Katsuhiko 
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Figure No. 1 



Figure No. 2 




[Key to Figures No. 1 and 2] 

1 Note) Ri-R 4 are not restricted. 

2 substrate skeleton structure of dioxatane 

3 examples of a dioxatane class 

4 celenterazines 
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Table No. 3 




Table No. 4 




[Key to Figures No. 4 and 5] ***v>ofc*, W4*>> 

1 apoaequorin 

2 basic amino acid residue 

3 aequorin 

4 apoaequorin 



5 basic amino acid residue 

6 apoaequorin 

7 2-mercapto ethanol 

8 celenterazine 

9 celenteramide 

10 mechanism of aequorin luminescence and regeneration 
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Method of Aequorin Luminescence Sensitization by Surfactants 

3 . Person Doing the Revision 

Relationship with the Item Patent Applicant 
(Postal Code 530) 6-32-bango Three-chome Nakanoshima Osaka-shi 
Osaka-fu 
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Specifications 
Revision Content 

Specifications revised as follows. 

(1) "jiokusetan" of 4th row from the bottom of page no. 4 
revised to "dioxatane" . 

The End 
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